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HYDRATION STATUS MONITORING 
Background of the Invention 

The present invention relates to a method and apparatus for determining one or more indicators of a 
subject's hydration status and in particular to a method and apparatus for monitoring a subject's 
5 hydration status during a dialysis procedure. 

Description of the Prior Art 

The reference in this specification to any prior publication (or information derived from it), or to any 
matter which is known, is not, and should not be taken as an acknowledgment or admission or any 
form of suggestion that the prior publication (or information derived from it) or known matter forms 
10 part of the common general knowledge in the field of endeavour to which this specification relates. 

r 

One existing technique for determining biological parameters relating to a subject, involves the use of 
bioelectrical impedance. This involves measuring the electrical impedance of a subject's body using 
a series of electrodes placed on the skin surface. Changes in electrical impedance at the body's 
surface are used to determine parameters, such as changes in fluid levels, associated with the cardiac 
15 cycle or oedema. 

Maintaining hemostasis during hemodialysis is recommended to minimise cardiovascular and other 
associated risks. Oedema is difficult to detect until the interstitial fluid volume has risen to 
approximately 30% above normal, whilst severe dehydration can develop before the onset of clinical 
symptoms. The current method of evaluating hydration status of dialysis patients based on blood 
20 pressure and body weight changes over time can be misleading since these parameters are complex 
variables related to other physiologic mechanisms. 

Summary of the Present Invention 

In a first broad form the present invention provides a method of determining an indication of the 
hydration status relating to a subject, the method including, in a processing system: 
25 a) determining a measured impedance value for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator, the indicator being at least partially indicative of a level of extracellular fluid; 

c) determining an indication of the hydration status using at least one determined indicator. 

Typically the method includes, in the processing system: 
30 a) comparing the at least one indicator to at least one of: 
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i) a predetermined reference; 

ii) an indicator determined for at least one other body segment; and, 

iii) a previously determined indicator; and, 

b) determining an indication of the hydration status using the results of the comparison. 

Typically the reference includes at least one of: 

a) a predetermined threshold; 

b) a tolerance determined from a normal population; 

c) a predetermined range; and, 

d) an indicator previously determined for the subject. 

Typically the indicator is at least one of: 

a) an index <7)of the ratio of extra- to intra-cellular fluid; and, 

b) an extracellular fluid volume. 

Typically the method includes, in the processing system: 

a) determining a plurality of measured impedance values for each body segment, each measured 
impedance value being measured at a corresponding measurement frequency; and, 

b) determining impedance parameter values based on the plurality of measured impedance 
values, the indicator being at least partially based on the determined impedance parameter 
values. 

Typically the parameter values include R 0 and Roo, wherein: 
Ro is the resistance at zero frequency; and, 
Rvo is the resistance at infinite frequency. 

Typically the method includes: 

a) monitoring changes over time for at least one of: . 

i) Ro; 

ii) ru 

iii) a difference between Ro and R«>; 

b) a vector indication of an impedance measurement. 

Typically the method includes, in the processing system: 

a) determining values for parameters R 0 and i^from the measured impedance values; and, 

b) determining the indicator by calculating the index (I) using the equation: 
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R 



R Q - R 



.00 



Typically the method includes, in the processing system, determining the parameter values using the 
equation: 



Typically the method includes, in the processing system: 

a) determining the impedance of each body segment at four discrete frequencies; and, 

b) determining values for the parameters by solving the equation using four simultaneous 
equations. 

Typically the method includes, in the processing system, determining the parameter values by: 

a) determining a complex impedance locus using the measured impedance values; and, 

b) using the complex impedance locus to determine the parameter values. 

Typically the indicator for a body segment is the extracellular fluid volume determined using the 
equation: 



Z = £00 + 



Ro-R 



.00 



1 + 



,(!-*) 



where: 



Z is the measured impedance at angular frequency co, 

x is a time constant, and 

a has a value between 0 and 1 . 



ECV, 



Segment 



= c 



Segment P Segment 




Where 



ECV- Extracellular fluid volume 

Cse g ement = Geometry Constant which is 1 for an arm or leg and 4 for 
the thoracic cavity 

Lsegment = Length of the segment in cm 

Rsegmem ~ Resistance of the segment in Ohm 

psegment - Resistivity coefficient which is nominally 47 Ohm/ cm 



Typically the method includes determining an indicator for the entire body the equation: 



ECV Total = 2(ECV am + ECV hg )+ ECV trunk 
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Typically the second body segment and the at least one other body segment are different types of 
body segment. 

Typically the body segments are limbs. 

Typically the body segment includes at least one of: 

a) a calf; and, 

b) a bicep. 

Typically the method includes, in the computer system: 

a) determining a correction factor; and 

b) determining the hydration status using the correction factor. 

Typically the correction factor is indicative of at least one of: 

a) a subject orientation or posture; 

b) a subject skin temperature; and, 

c) a subject ethnicity. 

Typically the method includes, in the computer system: 

a) determining a subject orientation; and 

b) determining the hydration status using the orientation. 

Typically the method includes, in the computer system: 

a) determining a first indicator at a first subject orientation; 

b) determining a second indicator at a second subject orientation; and 

c) determining the hydration status using the difference between the first and second indicators. 

Typically the method includes, in the computer system: 

a) determining a first indicator at a first time; 

b) determining a second indicator at a second time; and 

c) determining the hydration status using the difference between the first and second indicators. 

Typically the method includes, in the computer system, displaying an indication of at least one of: 

a) parameter values; 

b) the indicator; 

c) an extracellular fluid volume; and, 

d) a ratio of extra-cellular to intra-cellular fluid. 

Typically the method includes, in the processing system: 
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a) receiving data representing at least one measured impedance value; and, 

b) generating a representation of the at least one measured impedance value. 

Typically the method includes, in the processing system: 

a) selecting a representation type based on a selected impedance measurement type; and, 

b) generating the representation in accordance with the selected representation type. 

Typically the representation is in the form of at least one of: 

a) a Complex impedance plot; 

b) an argand diagram; 

c) a list of impedance values; 

d) a reactance against frequency plot; and, 

e) resistance against frequency plot. 

Typically the method includes, in the processing system: 

a) receiving data representing at least one measured impedance value; 

b) processing the at least one measured impedance value to determine at least one impedance 
parameter; and, 

c) generating a representation of the at least one impedance parameter. 

Typically the method includes, in the processing system: 

a) causing one or more electrical signals to be applied to the subject using a first set of 
electrodes, the one or more electrical signals having a plurality of frequencies; 

b) determining an indication of electrical signals measured across a second set of electrodes 
applied to the subject in response to the applied one or more signals; 

c) determining from the indication and the one or more applied signals, an instantaneous 
impedance value at each of the plurality of frequencies; and, 

d) determining the indicator using the instantaneous impedance values. 

Typically the electrodes are positioned in accordance with the theory of equal potentials. 

Typically the positioning of the electrodes includes: 

a) a first current supply electrode positioned on a limb being measured; 

b) a second current supply electrode on a second limb on a the same lateral side of the subject as 
the limb being measured; 

c) a first voltage electrode positioned on a limb being measured; and, 
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d) a second voltage electrode positioned on a third limb contra-lateral to the limb being 
measured. 

Typically the processing system is coupled to a measuring device, and wherein the method includes, 
in the processing system: 

a) generating instructions; and, 

b) transferring the instructions to the measuring device, the measuring device being responsive 
to the instructions to cause the impedance measurements to be performed. 

Typically the processing system forms part of a measuring device. 

Typically the measuring device includes at least two channels, each channel being adapted to measure 
the impedance across a respective body segment, and wherein the method includes, in the processing 
system, causing at least one impedance measurement to be performed using each channel. 

Typically the measuring device includes a processor, and wherein the processor is for: 

a) receiving the instructions; and, 

b) causing one or more impedance measurements to be performed using the instructions. 

In a second broad form the present invention provides apparatus for detecting tissue oedema in a 
subject, the apparatus including a processing system for: 

a) determining a measured impedance value for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator, the indicator being at least partially indicative of a level of extracellular fluid; 

c) determining an indication of the hydration status using at least one determined indicator. 

Typically the apparatus includes: 

a) a current supply for generating an alternating current at each of a plurality of frequencies; 

b) at least two supply electrodes for applying the generated alternating current to a subject; 

c) at least two measurement electrodes for detecting a voltage across the subject; and, 

d) a sensor coupled to the measurement electrodes for determining the voltage, the sensor being 
coupled to the processing system to thereby allow the processing system to determine the 
measured impedances. 

Typically the apparatus is adapted to perform the method of the first broad form of the invention. 

In a third broad form the present invention provides a method for use in dialysis of a subject, the 
method including, in a processing system: 
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a) determining one or more impedance values for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator; and, 

c) selectively controlling the dialysis the subject using at least one determined indicator. 

5 It will be appreciated that the broad forms of the invention may be used individually or in 
combination, and may be used in performing or controlling dialysis in subjects such as humans. 

Brief Description of the Drawings 

An example of the present invention will now be described with reference to the accompanying 
drawings, in which: - 
10 Figure 1 is a schematic of an example of impedance determination apparatus; 

Figure 2 is a flowchart of an example of an outline of a process for determining indicators of 
hydration status; 

Figures 3 A and 3B are a flow chart of an example of a detailed process for determining indicators of 
hydration status; 

15 Figures 4 A and 4B are examples of a GUI used in providing subject details; 
Figure 5 A is an example of a GUI used in providing electrodes on a subject; 
Figures 5B and 5C are examples of typical electrode placements; 

Figures 5D is an example of an electrode configuration used in measuring the impedance of a 
subjects right arm; 

20 Figure 5E is an example of a GUI used in performing impedance measurements; 

Figures 6A to 6D are examples of a GUI used in viewing measured impedance parameters; 
Figures 7A and 7B are examples of a GUI used in selecting references; 

Figures 7C to 71 are examples of a GUI used in presenting the results of an impedance analysis; 
Figure 8 is an example of a GUI used in performing total body impedance measurements; 
25 Figure 9 is a schematic of a second example of impedance determination apparatus; and, 
Figure 10 is a schematic of a GUI used in configuring the apparatus of Figure 9. 

Detailed Description of the Preferred Embodiments 

An example of apparatus suitable for performing an analysis of a subject's impedance will now be 
described with reference to Figure 1 . 

30 As shown the apparatus includes a monitoring device 1 including a processing system 10 having a 
processor 20, a memory 21, an input/output (I/O) device 22, and an optional external interface 23, 
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coupled together via a bus 24. The external interface can be used to couple the measuring device 1 to 
one or more peripheral devices 4, such as an external database or computer system, barcode scanner, 
dialysis machine, any other required sensors, or the like. The processing system 10 is coupled to a 
signal generator 1 1 and a sensor 12, via a processing module 17, as shown. 

In use the signal generator 1 1 and the sensor 12 are selectively coupled to respective electrodes 13 A, 
13B, 13C, 13D, 15A, 15B, 15C, 15D provided on a subject S, via a multiplexer 18, and connecting 
leads L, as shown. 

The processing system 10 and processing module 17 are adapted to generate control signals, which 
cause the signal generator 1 1 to generate one or more alternating signals, such as voltage or current 
signals. These signals are then transferred to a selected pair of electrodes 13A, 13B, 13C, 13D by the 
multiplexer 18, allowing the alternating signals to be applied across a respective segment of the 
subject S, depending on the position of the selected pair of electrodes 13A, 13B, 13C, 13D. The 
sensor 12 is then connected to selected ones of the electrodes 15 A, 15B, 15C, 15D, using the 
multiplexer 18, allowing the voltage across or current through the respective segment of the subject S 
to be measured. The processing system and processing module 17 are adapted to generate control 
signals to control the switching of multiplexer 18. 

The sensor 12 transfers appropriate signals to the processing system 10, allowing the impedance of 
the respective segment of the subject S to be determined, as will be described in more detail below. 

In any event, by using the multiplexer to selectively connect different pairs of the electrodes 13 A, 
13B, 13C, 13D to the signal generator 11, and pairs of the electrodes 15A 5 15B, 15C, 15D to the 
sensor 12, this allows the impedance across different segments of the subject S to be measured. In 
general, the use of a particular combination of electrodes for measuring a particular body segment is 
referred to as a channel, and accordingly, it will be appreciated that the above described apparatus 
provides multi-channel functionality, allowing different body segments to be measured through 
appropriate switching of the multiplexer. However, multi-channel functionality may be achieved 
using other configurations, such as by providing a respective processing module 17, signal generator 
1 1 and sensor 12 for each channel. 

In any event, the processing system 10 may be any form of processing system which is suitable for 
generating appropriate control signals and interpreting voltage data to thereby determine the subject's 
bioelectrical impedance, and optionally the subject's dry mass to aid in dialysis. 
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The processing system 10 may therefore be a suitably programmed computer system, such as a 
laptop, desktop, PDA, smart phone or the like. Alternatively the processing system 10 may be formed 
from specialised hardware. Similarly, the I/O device may be of any suitable form such as a touch 
screen, a keypad and display, or the like. 

5 Similarly, the processing module 17 is adapted to perform specific processing tasks, to thereby reduce 
processing requirements on the processing system 10. Accordingly, the processing module may be 
custom hardware, or the like, and in one example is formed from a Field Programmable Gate Array 
(FPGA), although any suitable processing module, such as a magnetologic module, may be used. 

It will be appreciated that the processing system 10, the processing module 17, the signal generator 
10 1 1, the sensor 12 and the multiplexer 1 8 may be integrated into a common housing and therefore form 
an integrated device. Alternatively, the processing system 10 may be connected to the signal 
generator 1 1 and the sensor 12 via wired or wireless connections. This allows the processing system 
10 to be provided remotely to the signal generator 1 1 and the sensor 12. Thus, the signal generator 1 1 
and the sensor 12 may be provided in a unit near, or worn by the subject S, whilst the processing 
15 system is situated remotely to the subject S. 

Once the electrodes 13A, 13B, 13C, 13D are positioned, an alternating signal is applied to the subject 
S using a selected pair of the electrodes 13A, 13B, 13C, 13D, This may be performed either by 
applying an alternating signal at a plurality of frequencies simultaneously, or by applying a number of 
alternating signals at different frequencies sequentially. However the frequency range of the applied 
20 signals will also depend on the analysis being performed. 

In the preferred implementation the applied signal is a frequency rich current from a current or 
voltage source, clamped or limited, so it does not exceed the maximum allowable subject auxiliary 
current. The signal can either be an impulse function or a voltage signal where the current is measured 
so it does not exceed the maximum allowable subject auxiliary current. 

25 A potential difference and/or current is measured between a pair of the electrodes- 15 A, 15B, 15C, 
15D. 

To ensure accurate measurement of the impedance, buffer circuits are placed in connectors that are 
used to connect the voltage sensing electrodes 15 to the leads L. This ensures accurate sensing of the 
voltage response of the subject S, and in particular helps eliminate contributions to the measured 
30 voltage due to the response of the leads L. 



WO 2007/041783 



- 10- 



PCT/AU2006/001491 



This in turn greatly reduces artefacts caused by movement of the leads L, which is particularly 
important during dialysis as sessions are usually last for several hours and the subject will move 
around and change seating positions during this time. 

A further advantage of this configuration is that the voltage is measured differentially, meaning that 
5 the sensor used to measure the potential at each electrode 15 only needs to measure half of the 
potential as compared to a single ended system. This in turn reduces the potential across the 
multiplexer 18, thereby greatly reducing capacitive leakage in the multiplexer, resulting in a 
corresponding increase in accuracy. 

The current measurement system may also have buffers placed in the connectors between the 
10 electrodes 13 and the leads L. In this instance, current is also driven or sourced through the subject S 
symmetrically, which again greatly reduced the parasitic capacitances by halving the common-mode 
current. Another particular advantage of using a symmetrical system is that the micro-electronics built 
into the connectors for each electrode 13 also reduces parasitic capacitances that arise when the 
subject S, and hence the leads L move. 

15 In any event, the acquired signal and the measured signal will be a superposition of potentials 
generated by the human body, such as the ECG, and potentials generated by the applied current. 

Optionally the distance between the inner pair of electrodes 15 A, 15B, 15C 5 15D may be measured 
and recorded. Similarly, other parameters relating to the subject may be recorded, such as the height, 
weight, age, sex, health status, any interventions and the date and time on which they occurred and 
20 other information, such as current medication, may also be recorded. 

The acquired signal is demodulated to obtain the impedance of the system at the applied frequencies. 

One suitable method for demodulation of superposed frequencies is to use a Fast Fourier Transform 
(FFT) algorithm to transform the time domain data to the frequency domain. This is typically used 
when the applied current signal is a superposition of applied frequencies. Another technique not 
25 requiring windowing of the measured signal is a sliding window FFT. 

In the event that the applied current signals are formed from a sweep of different frequencies, then it 
is more typical to use a processing technique such as multiplying the measured signal with a reference 
sine wave and cosine wave derived from the signal generator and integrating over a whole number of 
cycles. This process totally rejects any harmonic responses and significantly reduces random noise. 
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Other suitable digital and analog demodulation techniques will be known to persons skilled in the 
field. 

Impedance or admittance measurements are determined from the signals at each frequency by 
comparing the recorded voltage and current signal. The demodulation algorithm will produce an 
5 amplitude and phase signal at each frequency. 

An example of the process of performing impedance measurements and determining indicators of 
hydration status utilising the apparatus to Figure 1 will now be described with reference to Figure 2. 

At step 100 an operator of the apparatus positions electrodes 13, 15 on the subject before connecting 
leads to the electrodes 13, 15 so as to allow the apparatus to measure the impedance of a number of 
10 different body segments independently. 

This will typically involve having the operator place a number of electrodes 13, 15 on the subject S 
and then connecting leads between the electrodes 13, 15 and the multiplexer 18 to allow the 
measuring device 1 to determine the impedance of respective body segments by selectively making 
measurements via the various channels. 

15 At step 110 the measuring device 1 will operate to perform impedance measurements by generating 
an appropriate current sequence and applying this to the subject S via a pair of the electrodes 13 A, 
13B, 13C, 13D. This is typically performed in sequence for each channel, thereby allowing 
measurements to be determined for each body segment in turn. 

At step 120 the measuring device 1 operates to process the impedance measurements so as to 
20 determine impedance parameters for each body segment, which can then in turn be analysed to 
determine indicators of the subject's current hydration status. 

This process will now be described in more detail with respect to Figures 3A and 3B, and with ^ 
reference to the graphical user interface (GUI) screen shots shown in Figures 4, 5, 6 and 7. 

In the example set out in Figure 3A at step 400 the operator selects that hydration status monitoring is 
25 to be performed. This may be required for example in the event that the measuring device 1 is able to 
perform a number of different types of measurement procedure, and typically involves having an 
operator select hydration status monitoring from a list of available measurement types. The available 
measurement types are typically determined by the processing system 10 either from the memory 21, 
or alternatively downloaded via the external interface 23 and are based on predetermined profiles 
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which provide suitable instructions to allow the measuring device 1 to perform the required 
impedance measurements. 

At this stage, the processing system 10 may download appropriate firmware into the FPGA 17, 
allowing the correct impedance measurement process to be performed by the FPGA. 

5 At step 410 the measuring device 1 displays a GUI 1000 as shown in Figure 4A. The GUI includes a 
number of fields, shown generally at 1001, which allow data regarding the individual to be provided. 
The data includes information such as name, address, sex, height, weight, limb length or the like. 
Additionally, an indication of limbs at risk from oedema can be input as shown at 1002, as this can be 
used in assisting with the analysis. 

10 This is used to create a subject record, which is typically stored in a subject database accessed via the 
external interface 23, or the like. The subject record includes the subject data, and details of any 
performed impedance measurements for the respective subject, thereby allowing the subject record to 
form a subject history for use in longitudinal analysis. Thus, it will be appreciated that in the event 
that a record already exists for the current subject, then the operator can perform a search to retrieve 

15 the record from the database. The database is typically a HL7 compliant remote or local database. 

In one example, the subject can be provided with a wristband or the like which includes coded data 
indicative of the subject identifier. In this case, the measuring device 1 can be coupled to a peripheral 
device 4 for determining the subject identifier. Thus, for example, the data may be in the form of a 
barcode, with the peripheral device 4 being a barcode scanner. It will be appreciated however that 
20 any suitable mechanism could be used for encoding the subject identifier such as RFDD (Radio 
Frequency ID) tags could be used, in which case the peripheral device will be a corresponding reader. 

In this example, the barcode reader detects the barcode provided on the subject's wrist band, and 
determines a subject identifier from the detected barcode. The barcode reader provides data 
indicative of the sensed subject identifier to the processing system 10, thereby allowing the processing 
25 system 1 0 to access the subject record from the database. 

Alternatively however the subject identifier could be entered manually by an operator, for example, 
by using the I/O device 22. 

In the event that information such as limb length is not available then the measuring device 1 can 
estimate these from other subject data, such as a the subject height, using anthropometric tables, or the 
30 like. These can be customised by the operator of the measuring device, or can be downloaded from a 
central repository such as the database. 
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In any event, once this information is provided or otherwise determined, the processing system will 
update the GUI 1000 as shown in Figure 4B to display any previously measured impedance values, 
which may be used as reference data, as will be described in more detail below. Searching, editing 
and creation of records using the input controls shown generally at 1004. 

5 At step 430 the processing system 10 generates a GUI 1010, an example of which is shown in Figure 
5A, and which is used in allowing the operator to provide electrode connections. In this example, the 
GUI 1010 includes an indication of subject details at 1011. A representation 1012 of the subject is 
provided, which shows general electrode connection points 1013, 1015, indicating where on the 
subject electrodes 13, 15 should be provided. 

10 The general arrangement is to provide electrodes on the hand at the base of the knuckles and between 
the bony protuberances of the wrist, as shown in Figure 5B, and on the feet at the base of the toes and 
at the front of the ankle, as shown in Figure 5C. 

It will be appreciated that this configuration uses the theory of equal potentials, allowing the electrode 
positions to provide reproducible results for impedance measurements. For example, when one of the 
15 channels is being used to measure the impedance of the right arm, the electrode configuration used is 
as shown in Figure 5D. 

In this configuration, current is injected between electrodes 13 A and 13C, with the electrodes 15A 
positioned as shown, and the electrode 15B being placed anywhere along the left arm, since the whole 
arm is at an equal potential. This is advantageous as it greatly reduces the variations in measurements 
20 caused by poor placement of the electrodes by the operator. It also greatly reduces the number of 
electrodes required to perform segmental body measurements, as well as allowing the limited 
connections shown to be used to measure each of limbs separately. 

In one example, the current electrodes are provided on one hand and one foot, whilst the voltage 
electrodes are positioned a set distance apart on a calf or on a bicep. This is particularly advantageous 
25 as fluid levels in the calf are generally sensitive to changes in the subject's posture, whilst fluid levels 
in the bicep are relatively posturally invariant. Consequently, comparison of impedance 
measurements made at a subject's calf and bicep can be useful in detecting the subject's optimal fluid 
state, whilst taking into account changes in posture, as will be described in more detail below. 

The GUI 1010 also displays details for each limb at 101 7 A, 1017B, 1017C, 1017D, including an 
30 indication of whether the limb is an at risk limb, which is a limb suffering from vascular 
insufficiency, as caused for example by surgery, obesity, an accident, or the like. An example of 
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acquired vascular insufficiency is lymphoedema. This is also shown on the representation 1012 at 
1017E. 

An instruction field is shown generally at 1018 and this is provided to display instructions to the 
operator, with an indication of the selected measurement procedure being shown at 1019, and general 
5 measuring device status information being provided at 1020. A comments field 1021 can also be used 
to record comments regarding the measurements made. 

At this stage the operator typically updates the weight of the subject in the subject details 1011, which 
may undergo significant variations over time due to changes in fluid levels within the subject's body. 
The operator may also re-specify the at risk limbs, which is useful when a subject develops further 
10 vascular insufficiency in a limb. For example, a subject may start off with unilateral vascular 
insufficiency of the left leg and over time may develop a vascular insufficiency in the right leg. This 
leg can be recorded at that point as being affected by the use of the "at risk" check boxes. 

Once the weight and comments are entered the measurement procedure can be initiated by clicking 
the "ok button" 1022. At this stage, both the weight and comments for each measurement are 
15 recorded as part of the corresponding subject record in the subject database. This allows the 
practitioner to track weight and clinical comments over the period of measurement as well as between 
different measurement periods. 

Thus, it will be appreciated from the following that the process can be used to measure the dry mass 
of the subject, not only during a dialysis session, but also between different dialysis sessions, thereby 

20 further enhancing the ability of the system to determine any deviation from optimal haemostasis 
conditions. The system can also be used to track additional information, relating to details of 
potential triggers, such as the subject's food and drink consumption. This coupled with the fact that 
the system can accurately determine indicators of dry mass and hydration status can be used with 
trigger information to assess which potential triggers have a material, and adverse effect on the 

25 subject and the dialysis process. This in turn allows the triggers to be avoided in future. 

At step 440, the measuring device 1 optionally checks electrode continuity. This can be achieved 
based on the theory of equipotentials by comparing potentials measured at different ones of the 
electrodes. In particular, the process can measure the potential at different electrodes on a given limb, 
and these should be identical in accordance with the equipotential theory. In the event that the 
30 measured potentials are different, this indicates that there is a fault, such as a problem with the 
connection to one of the electrodes. 
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Additionally, or alternatively, it is possible to examine raw data from the applied current signal and 
the differential voltage signal, as acquired from the signal generator 11 and the sensor 12, and 
examine either the absolute magnitude of the signals, or a signal to noise ratio. In this instance, if 
either the absolute magnitude of the voltage signal, or the signal to noise ratio, are below respective 
5 thresholds, then this indicates a problem with the electrode connections. 

Any problem with the electrode connections can be indicated to the operator of the measuring device 
1 allowing the connection problem to be corrected. 

If the electrode continuity is checked and it is detennined the electrodes are not configured or 
working correctly, the process returns to step 430 so that the operator replaces or repositions the 
10 electrodes. 

Otherwise, at step 450, the measuring device 1 optionally measures ECG signals. This can be 
achieved either through the use of a 5 lead ECG measurement process that utilises the same electrodes 
as used in measuring the impedance. Alternatively, optional additional leads may be used to allow for 
recording full 12 lead ECG measurements. If ECG signals are measured, these can be used to 
15 monitor an R-R interval trend using chaotic predictors. This can be used to determine a warning of the 
onset of a malignant or unstable arrhythmia, up to 10 minutes prior to the arrhythmia developing. 

Additionally, this can be used to monitor cardiac output allowing a warning to be sounded when 
cardiac output starts to drop during dialysis. This may indicate that the patient will not have adequate 
cardiac function if more fluid is removed. This can be used to determine the optimum fluid loading 
20 for a patient suffering from cardiac disease who also requires dialysis. 

At step 460, the measuring device 1 optionally measures and trends blood pressure signals. 

At step 470, the measuring device 1 then performs the required impedance measurements, with 
general measuring device status information being provided at 1020. To achieve this, the monitoring 
device 1 applies the required current signals to one of the body segments, via a respective one of the 
25 channels A, B, measuring the resulting current and voltage across the body segment. This allows 
instantaneous impedance values to be determined at a number of different frequencies f;, for the 
respective body segment, which are then stored at step 480. 

The measuring device 1 repeats this for each of the measurement channels, so that impedance 
measurements are determined for each of the body segments separately. 
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At step 490 the measuring device 1 operates to determine impedance parameters for each body 
segment. Typically this includes parameters such as the impedance at zero, characteristic and infinite 
frequencies (R 0 , Z Cf i^). These can be derived based on the impedance response of the subject, which 
at a first level can be modelled using the equation (1): 

5 Z-i?oo+-— — (1) 

where: Roo~ impedance at infinite applied frequency, 

R 0 = impedance at zero applied frequency, 
co ~ angular frequency, 

x is the time constant of a capacitive circuit modelling the subject 
10 response. 

However, the above represents an idealised situation which does not take into account the fact that the 
biological tissues are an imperfect system. Taking this into account leads to a modified model, called 
the Cole model, in which: 

l + (7^r) (1 - a) 

15 where a has a value between 0 and 1 and can be thought of as an indicator of the deviation of 

a real system from the ideal model. 

The value of the impedance parameters R 0 and Rao may be determined in any one of a number of 
manners such as by: 

• solving simultaneous equations based on the impedance values determined at different 
20 frequencies; 

• using iterative mathematical techniques; 

• extrapolation from a "Complex impedance plot" (also sometimes referred to as a 
"Wessel" or "Cole-Cole" plot) or argand diagram; 

• performing a function fitting technique, such as the use of a polynomial function. 

25 At this stage the processing system 1 0 can also be adapted to test adherence of the measurements to 
the Cole model. In particular, the Cole model assumes that the impedance measurements lie on a 
semi-circular impedance locus. Accordingly, the processing system 10 can determine if the measured 
values fit a semi-circular locus to thereby determine if the Cole model is satisfied. Alternatively, the 
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measured impedance parameter values can be compared to theoretical values derived using the 
equation (2), to thereby allow the degree of concordance to the Cole model to be determined. 

In the event that the Cole model is not satisfied, an indication of this can be provided to the operator 
allowing an appropriate analysis technique to be utilised. 

5 Once the parameters have been determined, these can optionally be viewed using a GUI, an example 
of which is shown in Figures 6A to 6D. In this example, the GUI 1030 includes subject details at 
1031, and a measurement selection inputs 1032. This allows the operator to select measurements of 
interest, which in this example includes measurements from the left arm. Once the measurements are 
selected, the processing system 10 displays an overview of parameters determined from the 

1 0 impedance measurements at 1 03 3 . 

A number of tabs 1034 can then be used to allow different representations of the measured impedance 
values to be provided in a window 1035. This includes, for example, producing a complex impedance 
plot, as shown in Figure 6A. Alternatively the impedance values can be listed as shown in Figure 6B, 
or plotted as reactance verses frequency or resistance verses frequency as shown in Figures 6C and 
15 6D respectively. 

Frequency controls 1036 are provided to allow impedance measurements above or below threshold 
limits to be omitted from the displayed results, as shown by threshold markers 1037A, 1037B. 
Additionally a rejection limit can be applied to discard data points that fall outside a threshold 
variation from an idealised semi-circular locus provided on the complex impedance plot. 

20 The impedance parameter values can then be analysed to derive indicators of hydration status. 

In particular, as will be appreciated by persons skilled in the art, when a subject is undergoing 
dialysis, there is significant movement of fluid within the body. This can lead to an excess of 
extracellular fluid in some body segments, resulting in oedema, and/or a reduction in extracellular 
fluid in other body segments. 

25 Accordingly, it is typical for the parameters to be used to derive indicators that are at least partially 
indicative of the extracellular fluid levels in each of the body segments and/or the entire body. The 
indicators are therefore typically indicative of the extracellular fluid volume, or an index based on the 
ratio of extra- to intra- cellular fluid. 

In the case of the extracellular fluid volume, this can be calculated for each body segment using the 
30 equation: 
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EfCV r Segment ~~ ^ Segment P Segment 



L 2 ^ 

^Segment 
n 

y-^Segmefit J 



(3) 



Where ECV- Extracellular fluid volume 

Csegment- Geometry Constant which is 1 for an arm or leg and 4 for the thoracic 
cavity 

5 Lsegmem - Length of the segment in cm 

Rsegment = Resistance of the segment in Ohm 

Psegment = Resistivity coefficient which is nominally 47 Ohm/cm 

The resistivity coefficient can be determined at each moment by using a nominal population reference 
where alpha is measured and then a corresponding resistivity for extracellular fluid is determined. 
10 This can also be done using all the variables from a model such as the Cole model to determine the 
appropriate resistivity. Alternatively this can be manually entered or measured using techniques 
known to persons skilled in the art. 

The total body fluid is calculated according to: 

ECV Tolal = 2{ECV arm + ECV leg )+ ECV tmik (4) 

15 The extracellular fluid resistance R e is determined from: 
R e = Ro 

and intracellular fluid resistance R t is determined from: 

^ i?co Re 

Re— 

Thus, this can be used to derive an index /, which is indicative of the ratio of extra- to intra-cellular 
20 fluid is given by the equation: 



/ = J£l= — (5) 

Additionally, the total body water can also be used as an indicator for hydration status. In this 
example, by positioning the electrodes as shown in Figure 8, this allows impedance measurements 
across the subject's entire body to be determined. This in turn allows the subject's total body water 
25 (TBW) to be derived given by: 
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TBW=*ecf+icf 



(6) 



where: 



TBW = total body water 

ecf = volume of extracellular fluid 

icf = volume of intracellular fluid 



5 In this regard, the volumes of extracellular and intracellular fluid can be derived from the values R 0 , 
as these depend on the values of the extracellular and intracellular resistance, as discussed above. 

The analysis of the extracellular fluid volumes, the index / and/or the total body water may be 
achieved in a number of ways, but typically involves comparing the parameters to available 
references, and accordingly, the process determines if references are available at step 510. If 
10 references are available, the measuring device 1 allows the user to select an appropriate reference at 
step 520. 

For example, the reference can be in the form of earlier data collected for the respective subject, 
thereby allowing a longitudinal analysis to be performed. This typically requires that data are 
collected prior to dialysis or other interventions, allowing the measuring device 1 to determine if there 
15 are any variations in the subject's extracellular fluid levels during the dialysis process, thereby 
indicating a change in subject hydration status. This can be performed for each body segment 
separately, or for the entire body. 

However, the system may also or alternatively use a normal population database table, which includes 
reference values obtained from different subjects. This database table is essentially a single subject 
20 database table into which all measurements of normal population subjects (people without vascular 
insufficiency) are added. 

An example of such normal population data displayed using the GUI 1000 is shown in Figure 7 A. 
This table then acts as a pool of data from which normalised values for raw impedance data and ratios 
of impedance data can be generated, allowing comparison with measured values for the subject to be 
25 performed. 

This generation of this normalised data is in the form of mean (averaged) values that are selected to 
be relevant to the test subject. The selection is performed based on the subject information and may 
be performed on the basis of any one of a number of factors, such as age, sex, height, weight, race, 
interventions, or the like. 
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Therefore if the test subject is female then the normalised data drawn from the normal population 
database will be calculated from measurements from female subjects that are present in the in the 
normal population database. 

Thus, in one example, the operator is presented with the GUI 1040 similar to that shown in Figure 7 A, 
5 which allows the operator to select appropriate records from the normal population table, as shown by 
the highlighted entry at 1041. 

It will be appreciated that the normalised population references are generally less accurate than 
subject specific references as these do not necessarily accurately model the subject's fluid levels and 
hence hydration status prior to undergoing dialysis. 

10 In the case of using a subject specific reference, this is generally achieved by ensuring measurements 
taken prior to surgery, requiring dialysis, interventions, heart disease, or other events that will have an 
impact on the hydration status. Thus, for example, if the subject is undergoing dialysis, then the 
reference can be fonned from parameter values derived prior to commencement of the dialysis 
procedure. 

15 A common example is baseline measurements taken before surgical intervention for breast cancer that 
can be used to track subjects fluid shifts post surgery by comparison of study measurements to these 
baseline generated mean values. 

Subject specific baselines can be generated automatically from measurements in the subject's 
database table. This can in turn be used to provide cut off points for dialysis based on when the 
20 measured impedance values or derived indicators approach predetermined impedance or indicator 
values representing an ideal or optimal fluid level or hydration status. 

Generation of baselines can be achieved using the GUI 1000 shown in Figure 7B, in which the 
subject's record is displayed. Located on the GUI 1000 are two selection windows 1042, 1043 that 
are used to define the measurements used from the subject's database table to generate mean data 
25 values for comparison to study measurements. 

It will be appreciated that the process can also be used to add data to the normal population table. 
This is achieved by performing the measurement process outlined above, and in the event that the 
subject is healthy, or the subject is a control, such as a family member, importing the data into the 
normal population table. This can be performed in addition to adding the measurements to the subject 
30 record, so that measurements collected from a healthy individual can be used for subsequent 
longitudinal analysis and/or as a normal population reference. 
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In any event, once an appropriate reference is selected at step 520, the measuring device 1 compares 
the currently determined indicator to the reference at step 530, and utilises this to generate an 
indication of the hydrations status which is then displayed at step 540. 

If no reference is available, the indicators determined for each body segment are compared to the 
5 indicators determined for other ones of the body segments. This allows a relative distribution of fluid 
within the subject to be monitored, which in turn allows an indication of hydration status to be 
determined. 

For example, this can be used to determine the presence or absence of oedema. In the event that it is 
believed that the subject has one or more limbs at risk of oedema (i.e. suffering from vascular 
10 insufficiency of that limb), then the onset of oedema is in turn indicative of variations in the subject's 
hydration status. In this instance, the analysis of each of the limbs will be influenced by whether the 
subject is deemed to be at risk of bilateral oedema (i.e. suffering from vascular insufficiency of two 
limbs). 

In particular, if there is no risk of bilateral oedema, then the processing system 10 can compare 
15 parameters for contra-lateral limbs. This may be achieved for example by determining an index based 
on a ratio of the extra- to intra- cellular fluid levels in each leg, and then comparing the values 
determined to assess whether there is difference between the limbs, or against a reference value for 
that limb, and hence whether there is a likelihood of oedema being present. 

In the event that there is a likelihood of the vascular insufficiency being bilateral, then the processing 
20 system 10 typically determines the index for each limb. A ratio of the determined index / for different 
pairs of limbs are then compared, thereby allowing the operator to determine if there is a likelihood of 
bilateral oedema. 

In any event, it can be seen that if there is a major variation in the extracellular fluid volume, or the 
index /, either over time in the case of longitudinal analysis (either extending through a dialysis 
25 session, or extending over multiple sessions), compared to normal references, or between different 
body segments, this is indicative of a changing hydration status. This is in turn indicative of the fact 
that the dialysis procedure needs to be modified in order to counteract this change, and ensure that the 
subject is correctly hydrated. 

Accordingly, the measuring device 1 can use this to display a report that is indicative of the hydration 
30 status, and/or the presence, absence or degree of oedema. 
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However, as an alternative to the above described process, the hydration status can be monitored by 
examining other indicators, such as by examining the impedances values at different selected 
frequencies. 

Thus, for example, this may involve calculating impedance values at specific frequencies in the 
5 complex impedance plot. This may include theoretical impedance values such as Ro and Roo, vectors 
representing the actual measured values, or theoretical values derived at set frequencies, as well as the 
difference between values of Ro and R«>. 

In one example, the process set out in steps 510 to 540 can involve repeatedly making measurements 
during the dialysis procedure, and then monitoring the variation in one or more of the above 
10 mentioned indicators, such as the value of R^ the level of extra-cellular fluid, the index J, or the like. 

In this example, as dialysis proceeds, fluid levels within the subject's body should alter, resulting in a 
corresponding alteration of the indicator. As the dialysis procedure reaches a desired end point and 
fluid levels within the subject approach an ideal or optimal level, this will also result in a 
corresponding stabilisation of the indicators. Accordingly, in one example, the process involves 
15 monitoring for variation, and in particular, a rate of change of the indicators. When the rate of 
indicator variation falls below a predetermined threshold, this indicates that the value of the indicator, 
and hence patient fluid levels, have substantially stabilised, thereby allowing the dialysis procedure to 
be halted. 

Thus, in one example, the process involves monitoring changes in the values of indicators such as Ro, 
20 Rco, the difference between Ro and R*>, vector impedance values, or any other indicator, and then using 
the rate of variation to control the dialysis process. 

Examples of the different types of available reports will now be described with reference to Figures 
7C to 7L 

As shown in Figure 7C, the report is presented using a GUI 1050 that includes subject details shown 
25 generally at 1051. The GUI includes controls 1052 that allow the operator to select whether reference 
data is to be used and the nature of the reference data. Thus, it will be appreciated that if a user varies 
the reference data selection, the process will return to step 540 to reassess the nature of the output 
dependent on the type of reference selected. At 1053 A a drop down list is provided to indicate the 
nature of the parameter that is to be displayed, and at 1053B checkboxes are provided indicating the 
30 limbs for which the parameter is to be displayed. In addition to this, a limb of interest and a reference 
limb can be selected using the check boxes 1054, 1055 as shown. 
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The parameters available for charting include: 

• Weight; 

• Fluid loading; 

• Ratio of indices; 

5 • Ratio of body segment R 0 values; 

• The index for each individual body segment R 0 for a body segment; 

• Rao for a body segment; 

• The intracellular fluid resistance i?,; 

• The characteristic frequency of the subject f c - y 
10 • Standard error of estimates; 

• Td time delay for each measurement; and, 

• Values of a and r from the Cole Model. 

Each of the parameters will now be described in more detail. 
Fluid Loading 

15 The impedance vector plot is a graphical representation of when a subject's measurements move 
relative to a reference ellipse. The reference ellipse can be generated from a 95% confidence interval 
based on the subject specific baseline data or the normal population data. 

When data points of a study body segment are outside the ellipse, this indicates the presence of too 
much fluid in the corresponding body segment. The ellipse can be generated for and displayed for 
20 each body segment chosen using the reference limb checkbox. The data points displayed are those 
generated from the study body segment data for the subject. The study body segments and reference 
body segments are chosen using the body segment selector check boxes located underneath the chart. 

Figure 7C shows an example of a fluid loading plot in which the index for left and right legs is 
compared, hi this example, the index remains within the ellipse shown generally at 1056 highlighting 
25 that oedema is not present, and optimum dry mass has been obtained. However, when the right arm 
and left arm are compared as shown in Figure 7D, the values for the ratio comparisons fall outside the 
reference ellipse 1056 indicating that the right arm is suffering from fluid overload and may have 
vascular insufficiency. 

In these examples, the fluid loading plot includes a comparison between limbs, and accordingly, the 
30 checkboxes 1053B are not used. 
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An alternative example is shown in Figure 71. In this example, the reference ellipse is replaced by 
reference lines 1071, 1072, defining a "funnel" shaped reference region 1070, In this example, the 
reference region may again be based on a 95% confidence interval from the subject's specific baseline 
data or the normal population data. 

5 In contrast to the reference ellipse of Figures 7C and 7D above, the reference region 1070 is generally 
more able to take into account variations in physical characteristics between subjects. For example, 
when a reference ellipse is determined based on population samples, then if a subject has particularly 
thin limbs, or short fat limbs, then the subject's measured value may fall outside the ellipse, even 
when the hydration status is normal. However, this does not occur with the reference region 1070. 

10 A further benefit is that if the subject has some form of oedema and is over hydrated, then this will 
result in the measured index value that is positioned below the reference line 1072, as shown for 
example at 1073. 

If the measured index is determined to be above the line 1071, as shown for example at 1074, this 
generally indicates either that the patient is dehydrated, which will require further clinical 
15 intervention, or investigation. Alternatively, this indicates that the electrodes have been incorrectly 
attached to the subject, in which case re-measurement may be required. 

Ratio of body segment Indices 

This will display the index / for a selected reference limb divided by the index / of the limb of 
interest. 

20 Figure 7E is an example of the ratio of limb ratios in which a ratio of the index for the right arm and 
right legs is plotted against time. In this instance, it can be seen that a significant variation is present 
at 1057 indicating an undesirable fluid loading. 

In this examples, as two limbs are again compared, the checkboxes 1053B are not used, and are 
ignored. 

25 Ratio of body segments Ro values 

This function will display the ratio of the R 0 of the reference body segment divided by that of a study 
body segment for each measurement in the subject's database table. 

Index I for each body segment 
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The index / can also be displayed for each body segment for all measurements in the subjects 
database table as a chart over time, as shown in Figure 7F. The body segments represented on the 
chart are selected using the control 1053. In this instance, as reference and study limbs are not 
defined, the 1054, 1055 are omitted for clarity. 

5 Resistance at zero kHz (R 0 ) for a single body segment 

The value of R 0 can also displayed for each body segment for all measurements in the subjects 
database table as a chart over time. 

Resistance at infinite frequency (Ra) for a single body segment 

The value of Roo can also displayed for each body segment for all measurements in the subjects 
10 database table as a chart over time. 

Resistance for the intracellular fluid (Rj) for a single body segment 

The value of R* can also displayed for each body segment for all measurements in the subjects 
database table as a chart over time. 

Characteristic frequency for single body segment 

15 The characteristic frequency can also displayed for each body segment for all measurements in the 
subjects database table as a chart over time. 

Value of a and t from the Cole Model 

The value of a and r can also displayed for each body segment for all measurements in the subject's 
database table as a chart over time. 

20 SEE (standard estimate of errors) values for a single body segment 

The value of the standard estimate of errors (SEE) can also displayed for each body segment for all 
measurements in the subjects database table as a chart over time. 

Td (time delay) values for a single body segment 

The value of the time delay (Td) associated with each measurement can also displayed for each body 
25 segment for all measurements in the subjects database table as a chart over time. 

Reference Indications 

In each of the above outlined reports, reference values can also be displayed based either on the 
normalised population reference or subject specific reference. 
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An example of the use of a subject's specific reference value is shown in Figure 7F. In this instance 
the reference value is based on R 0 as shown at 1058. Accordingly, it can be seen that variation of the 
value R 0 compared to the reference is indicative of oedema. The generation of a report by comparison 
to normal population data will be performed in a similar manner. 

5 In addition to simply displaying the absolute reference value determined, it is also possible to display 
standard deviations as shown at 1059 to thereby provide an indication of the degree of variation from 
the base line. 

Event Markers 

A further feature of the process is the ability to associate event markers with specific measurements in 
10 the measurement database table. Event markers can provide commented time points that correspond 
to measurements and points in time. These can be customised by the user to indicate important events 
that need to be documented on the longitudinal analysis charts. Such events may include, onset date 
of oedema, the start of medical intervention, the beginning and end of dialysis sessions etc. These 
markers will be displayed automatically on the longitudinal charts that are a function over time. 
15 Event markers can also be shown on charts as shown for example in Figure 7H. 

Alternative Analysis 

In the above examples, the processing system 10 therefore selects the types of analysis or 
representation that is most appropriate for determining the presence or absence of oedema based on 
the currently available data. This therefore removes the requirement for the operator to make an 
20 assessment of which form of report would provide the most accurate indication of the onset of 
oedema. 

In the above example, the impedance measurements are collected for each of the limbs, with the 
assessment of the preferred type of analysis being performed after the measurements have been 
performed. However, as an alternative to this, the processing system 10 can be adapted to determine 
25 the preferred type of analysis first and then only perform the measurements required in order for the 
type of analysis to be performed. 

Thus a limited limb analysis can be performed, in which the operator specifies the limbs for which 
measurements are to be made prior to the measurement process. In this instance, data will only be 
collected for the limbs of interest. 



30 



In addition to performing the measurements described above, it is possible that profiles can be 
configured to allow a range of different measurements to be performed. 
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For example, the TBW can be used in: 

• body composition analysis 

• derivation of Fat Free Mass (FFM), which can in turn be used as an index of left ventricular mass; 

• monitoring the build up of fluid in the body of cardiac patients, which can be used as an indicator 
5 of right ventricular failure. 

Furthermore, by subtracting measured impedance values obtained for each limb from the 
corresponding impedance values obtained for the entire body, this can be used to derive effective 
thoracic cavity impedance values. These values can in turn be used as indicators for pulmonary 
oedema, and hence left ventricular failure, as well as determining cardiac output. 

10 Thus, it will be appreciated that in addition to measuring hydration status, different measurement 
profiles can be determined to allow measurement of: 

• Cardiac parameters; 

• Pulmonary oedema; 

• Lymphoedema; 

1 5 • Body composition; and, 

• Total body water. 

Remote Computer System 

The above examples have been described on the basis of the selection of the preferred impedance 
measurements and analysis being performed by a processing system 10 provided as part of the 
20 measuring device. However, this is not essential and that any or all of the functionality described 
could be performed by a processing system that is remotely located to the measuring device, as will 
now be described with respect to Figure 9. 

In this example, the measuring device 1 (which is shown as a single channel device for clarity 
purposes only) is connected to a computer system 3, via the external interface 23 as shown. The 
25 computer system 3 may be any form of computer system but is typically a desktop, laptop, tablet, 
PDA, Smart Phone or the like. 

In this example, the computer system 3 operates to control the measuring device 1 to perform the 
measurement procedure. The measuring device 1 therefore operates to generate required excitation 
signals, apply these to the subject, and measure the resulting voltages generated across the subject. 
30 Once impedance measurements have been collected, these are transferred via the external interface 23 
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to the end station 3, which operates to analyse the measured impedance values and generate the 
appropriate GUIs shown in Figures 5 to 8. 

In order to achieve this, the computer system 3 may be connected to the measuring device 1 via a 
wired, or wireless connection, or alternatively via an appropriate communications network 5, such as 
5 an Ethernet, LAN, WAN, the Internet, or the like. 

In this instance, the operator of the system is generally required to place the measuring device 1 in a 
predetermined operating mode allowing the computer system 3 to generate any required control 
signals to activate the measurement process. 

In this example, communication between the computer system 3 and the measuring device 1 is 
10 typically controlled using the GUI 1060 shown in Figure 10. 

The GUI includes fields 1061 for defining IP connection details, which allows the computer system 3 
to connect to the measuring device, via the external interface 23, via a TCP/IP or other network. 
Fields 1062 are used for defining paths via which the references can be obtained, with the fields 1063 
defining details of the database from which the references should be obtained. 

15 Fields 1064 and 1065 are used to define parameters relating to the impedance analysis to be 
performed, including default frequency, rejection and time delay limits, as well as reference ranges or 
the like. Finally fields 1066 are used to define properties of the resulting analysis report. 

It will therefore be appreciated from this that GUI can also be used to provide connections to remote 
databases, such as HL7 compliant subject databases. Furthermore, the architecture can be 
20 implemented in any one of a number of manners depending on the circumstances in which the 
measuring device 1 is to be used. 

Thus, for example, as a further alternative, the selection and/or analysis of the impedance 
measurements can be performed by a central base station coupled to a number of measuring devices 
via a suitable communications system, such as a computer network or the like. In this instance, once 
25 the base station has selected an impedance measurement type to be performed, the base station 
transfers an indication of this to the respective monitoring thereby causing the measuring device to 
display the necessary electrode connections. Once the impedance measurements have been 
performed, the determined measurements are returned to the base station for analysis. 

Patient Orientation 
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It will be appreciated that the location of fluid within a subject will vary significantly as the subject 
moves, and in particular as the subject changes their orientation or posture. 

For example, in performing dialysis it is typical for the subject to be seated in a relined position, in 
which case fluid is typically distributed unevenly throughout the body (and subject to any specific 
5 oedema or the like). If the subject were to stand up or lay down during the process, this results in a 
significant flow of fluid into or from the lower regions of the subject, such as the calf. Consequently, 
if measurements are made from the calf, there can be a significant variations in measured impedances 
associated with the subject's position. 

To take this into account, the measuring device 1 may include an orientation sensor connected to the 
10 measuring device 1 as a peripheral device 4, for example. In this instance, the orientation sensor is 
used to derive information regarding the subject's current orientation, and this could therefore take on 
any one of a number of forms. 

Thus, for example, the orientation sensor could be provided in a subject's bed and operate to 
determine the subject's orientation based on the bed configuration. Alternatively, the orientation 
15 sensor may be coupled to the subject, and in particular to the subject's leg or calf, to determine the leg 
or calf orientation. It will be appreciated from this that any suitable sensor may be used, and in one 
example, the sensor is at least partially incorporated into the electrodes 15. 

In use, the measuring device 1 can modify the impedance measurement analysis based on the 
orientation of the subject as determined from the orientation sensor. This can again be achieved in a 
20 number of manners. 

For example, if the measuring device 1 is comparing a current indication to a previous indication, 
such as by monitoring variations in the index / over time, the measuring device 1 can be adapted to 
ensure that indications are only compared to each other if made at the same subject orientation. Thus, 
if a preliminary impedance measurement prior to dialysis is used to establish a baseline reading, with 

25 subsequent measurements being compared thereto, the process may involve taking a baseline reading 
at each of a number of different orientations. In this instance, the measured readings would then be 
compared to the corresponding baseline determined for the same subject orientation. The fluid levels 
will also depend on the length of time a subject has been in a given orientation, and again this may be 
taken into account, for example, by ensuring comparison is made to prior readings in which the 

30 subject has maintained a similar posture for a similar amount of time. 
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Alternatively, by measuring different impedance values obtained over a range of orientations, this can 
be used to determine a correction factor, required to correct for certain orientations. This allows 
normalisation of any measured values to a specific orientation, allowing the above described analysis 
to be performed. 

5 A further variation is to examine differences in indicators between different subject orientations. In 
this instance, it will be appreciated that if the subject's hydration status is such that the subject has 
reached an ideal or optimal fluid level, and no further dialysis is required, then changes in orientation 
will have a reduced effect simply because there is less fluid within the body to be displaced. 

Accordingly, in a further example, the process involves determining a number of indicators at 
10 different subject orientations. The measuring device 1 then compares the measured indications at 
each orientation and determines if the difference falls below a threshold. If so, then this indicates that 
there is minimal variations in fluid between the orientations, and hence that the hydration status is 
suitable to terminate the dialysis procedure. 

Skin Temperature 

15 Impedances values measured for a subject include a contribution from the subject's skin, known as a 
skin impedance. The skin impedance is heavily influenced by the hydration levels in the skin, which 
is in turn dependent on skin temperature. 

Accordingly, in a further example, the measuring device 1 can use the skin temperature of the subject 
when analysing impedance values. This can be achieved in a number of ways. 

20 For example, the skin temperature can be measured using a suitable thermometer, with the skin 
temperature being supplied to the measuring device 1, via the I/O device 22. Alternatively, a skin 
temperature sensor can be provided as part of the measuring device, either as a peripheral device 4, or 
through incorporation into suitable electrodes, allowing the measuring device 1 to determine the 
subject's skin temperature automatically. 

25 In this example, the skin temperature is generally used to generate a calibration factor, which is used 
to modify the measured impedance values, or subsequently determined indicators, depending on the 
skin temperature. The calibration factor is typically predetermined by analysis of a suitable sample 
population, across a variety of skin temperatures. 

An effect of the calibration factor is that it can be used to take into account subject ethnicity. In 
30 particular, it is generally accepted that different reference baselines must be used for subjects having 
different ethnicities, due to variations in skin impedance. However, by providing a correction factor 
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taking into account both ethnicity and skin temperature, allows common baselines to be used by a 
wider range of subjects having a wider range of ethnicities. 

Electrode Arrangement 

It will be appreciated that the above described electrode arrangements are only one of a number of 
5 possible electrode arrangements. For example, whilst the electrodes may be provided as discrete 
pads, alternatively a number of electrodes may be provided on a common substrate, for example in 
the case of band electrodes. 

Additionally, or alternatively, the electrodes may form part of another related device. For example, 
the voltage measuring electrodes positioned on either the calf or bicep can be incorporated into blood 
10 pressure cuff, to allow simultaneous measurement of blood pressure and impedance. 

In any event, it will be appreciated that the above described process provides an easy to use and non- 
invasive estimate of body composition parameters and fluid volumes. Segmental analysis provides a 
better estimate of these parameters then traditional whole body estimates. However the placement of 
electrodes in reproducible anatomic sites in the obese and the critically ill population is often 
15 impossible. By using the theory of equipotentials and sophisticated multiplexing it is possible to 
provide a robust bioimpedance platform capable of multiple measurement parameters for the dialysis 
patient. 

Persons skilled in the art will appreciate that numerous variations and modifications will become 
apparent. All such variations and modifications which become apparent to persons skilled in the art, 
20 should be considered to fall within the spirit and scope that the invention broadly appearing before 
described. 

Thus, for example, it will be appreciated that features from different examples above may be used 
interchangeably where appropriate. Furthermore, whilst the above examples have focussed on a 
subject such as a human, it will be appreciated that the measuring device and techniques described 
25 above can be used with any animal, including but not limited to, primates, livestock, performance 
animals, such race horses, or the like. 

It will also be appreciated above described techniques, may be implemented using devices that do not 
utilise the separate first processing system 10 and second processing system 17, but rather can use a 
common single processing system, or use some other internal configuration. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1) A method of determining an indication of the hydration status relating to a subject, the method 
including, in a processing system: 

a) determining a measured impedance value for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator, the indicator being at least partially indicative of a level of extracellular fluid; 

c) determining an indication of the hydration status using at least one determined indicator. 

2) A method according to claim 1, wherein the method includes, in the processing system: 

a) comparing the at least one indicator to at least one of: 

i) a predetermined reference; 

ii) an indicator determined for at least one other body segment; and, 

iii) a previously determined indicator; and, 

b) determining an indication of the hydration status using the results of the comparison. 

3) A method according to claim 2, wherein the reference includes at least one of: 

a) a predetermined threshold; 

b) a tolerance determined from a normal population; 

c) a predetermined range; and, 

d) an indicator previously determined for the subject. 

4) A method according to any one of the claims 1 to 3, wherein the indicator is at least one of: 

a) an index (i)of the ratio of extra- to intra-cellular fluid; and, 

b) an extracellular fluid volume. 

5) A method according to any one of the claims 1 to 4, wherein the method includes, in the 
processing system: 

a) determining a plurality of measured impedance values for each body segment, each measured 
impedance value being measured at a corresponding measurement frequency; and, 

b) determining impedance parameter values based on the plurality of measured impedance 
values, the indicator being at least partially based on the determined impedance parameter 
values. 

6) A method according to claim 5, wherein the parameter values include Ro and wherein: 

R 0 is the resistance at zero frequency; and, 
Rn is the resistance at infinite frequency. 

7) A method according to claim 6, wherein the method includes: 
a) monitoring changes over time for at least one of: 

0 Ro; 
ii) Roo; 
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iii) a difference between Ro and R*,; 
b) a vector indication of an impedance measurement. 

8) A method according to claim 6, wherein the method includes, in the processing system: 

a) determining values for parameters R 0 and i^from the measured impedance values; and, 
5 b) determining the indicator by calculating the index (J) using the equation: 

j R<*> 

9) A method according to claim 6, wherein the method includes, in the processing system, 

determining the parameter values using the equation: 

_ _ Rg-R* 
Z = /tcoH 

1 0 where: 

Z is the measured impedance at angular frequency co, 

t is a time constant, and 

a has a value between 0 and 1 . 

10) A method according to claim 9, wherein the method includes, in the processing system: 
15 a) determining the impedance of each body segment at four discrete frequencies; and, 

b) determining values for the parameters by solving the equation using four simultaneous 
equations. 

11) A method according to claim 6, wherein the method includes, in the processing system, 
determining the parameter values by: 

20 a) determining a complex impedance locus using the measured impedance values; and, 

b) using the complex impedance locus to determine the parameter values. 

12) A method according to any one of the claims 1 to 1 1, wherein the indicator for a body segment is 
the extracellular fluid volume determined using the equation: 



EC V Segment ^ Segment P Segment 



< ' 1} ^ 

Segment 

R 

\ ^Segment J 



25 Where ECV= Extracellular fluid volume 

Csegemem = Geometry Constant which is 1 for an arm or leg and 4 for 
the thoracic cavity 

Lsegment = Length of the segment in cm 
Rsegment ~ Resistance of the segment in Ohm 
30 Psegment = Resistivity coefficient which is nominally 47 Ohm/ cm 
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13) A method according to claim 12, wherein the method includes determining an indicator for the 
entire body the equation: 

ECV TotQl = 2{ECV arm + ECV leg )+ ECV trmk 

14) A method according to any one of the claims 1 to 13, wherein the second body segment and the at 
5 least one other body segment are different types of body segment. 

15) A method according to any one of the claims 1 to 14, wherein the body segments are limbs. 

16) A method according to claim 15, wherein the body segment includes at least one of: 

a) a calf; and, 

b) a bicep. 

10 17) A method according to any one of the claims 1 to 16, wherein the method includes, in the 
computer system: 

a) determining a correction factor; and 

b) determining the hydration status using the correction factor. 

18) A method according to claim 17, wherein the correction factor is indicative of at least one of: 
15 a) a subject orientation or posture; 

b) a subject skin temperature; and, 

c) a subject ethnicity. 

19) A method according to any one of the claims 1 to 18, wherein the method includes, in the 
computer system: 

20 a) determining a subject orientation; and . 

b) determining the hydration status using the orientation. 

20) A method according to any one of the claims 1 to 19, wherein the method includes, in the 
computer system: 

a) determining a first indicator at a first subject orientation; 
25 b) determining a second indicator at a second subject orientation; and 

c) determining the hydration status using the difference between the first and second indicators. 

21) A method according to any one of the claims 1 to 20, wherein the method includes, in the 
computer system: 

a) determining a first indicator at a first time; 
30 b) determining a second indicator at a second time; and 

c) determining the hydration status using the difference between the first and second indicators. 

22) A method according to any one of the claims 1 to 21, wherein the method includes, in the 
computer system, displaying an indication of at least one of: 

a) parameter values; 
35 b) the indicator; 
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c) an extracellular fluid volume; and, 

d) a ratio of extra-cellular to intra-cellular fluid. 

23) A method according to any one of the claims 1 to 22, wherein the method includes, in the 
processing system: 

a) receiving data representing at least one measured impedance value; and, 

b) generating a representation of the at least one measured impedance value. 

24) A method according to claim 23, wherein the method includes, in the processing system: 

a) selecting a representation type based on a selected impedance measurement type; and, 

b) generating the representation in accordance with the selected representation type. 

25) A method according to claim 23, wherein the representation is in the form of at least one of: 

a) a Complex impedance plot; 

b) an argand diagram; 

c) a list of impedance values; 

d) a reactance against frequency plot; and, 

e) resistance against frequency plot. 

26) A method according to any one of the claims 1 to 25, wherein the method includes, in the 
processing system: 

a) receiving data representing at least one measured impedance value; 

b) processing the at least one measured impedance value to determine at least one impedance 
parameter; and, 

c) generating a representation of the at least one impedance parameter. 

27) A method according to any one of the claims 1 to 26, wherein the method includes, in the 
processing system: 

a) causing one or more electrical signals to be applied to the subject using a first set of 
electrodes, the one or more electrical signals having a plurality of frequencies; 

b) determining an indication of electrical signals measured across a second set of electrodes 
applied to the subject in response to the applied one or more signals; 

c) determining from the indication and the one or more applied signals, an instantaneous 
impedance value at each of the plurality of frequencies; and, 

d) determining the indicator using the instantaneous impedance values. 

28) A method according to claim 27, wherein the electrodes are positioned in accordance with the 
theory of equal potentials. 

29) A method according to claim 28, wherein the positioning of the electrodes includes: 
a) a first current supply electrode positioned on a limb being measured; 
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b) a second current supply electrode on a second limb on a the same lateral side of the subject as 
the limb being measured; 

c) a first voltage electrode positioned on a limb being measured; and, 

d) a second voltage electrode positioned on a third limb contra-lateral to the limb being 
measured. 

30) A method according to any one of the claims 1 to 29, wherein the processing system is coupled to 
a measuring device, and wherein the method includes, in the processing system: 

a) generating instructions; and, 

b) transferring the instructions to the measuring device, the measuring device being responsive 
to the instructions to cause the impedance measurements to be performed. 

3 1) A method according to any one of the claims 1 to 29, wherein the processing system forms part of 
a measuring device. 

32) A method according to claim 29 or claim 30, wherein the measuring device includes at least two 
channels, each channel being adapted to measure the impedance across a respective body 
segment, and wherein the method includes, in the processing system, causing at least one 
impedance measurement to be performed using each channel. 

33) A method according to claim 30, wherein the measuring device includes a processor, and wherein 
the processor is for: 

a) receiving the instructions; and, 

b) causing one or more impedance measurements to be performed using the instructions. 

34) Apparatus for detecting tissue oedema in a subject, the apparatus including a processing system 
for: 

a) determining a measured impedance value for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator, the indicator being at least partially indicative of a level of extracellular fluid; 

c) determining an indication of the hydration status using at least one determined indicator. 

35) Apparatus according to claim 34, wherein the apparatus includes: 

a) a current supply for generating an alternating current at each of a plurality of frequencies; 

b) at least two supply electrodes for applying the generated alternating current to a subject; 

c) at least two measurement electrodes for detecting a voltage across the subject; and, 

d) a sensor coupled to the measurement electrodes for determining the voltage, the sensor being 
coupled to the processing system to thereby allow the processing system to determine the 
measured impedances. 

36) Apparatus according to claim 34, wherein the apparatus is adapted to perform the method of any 
one of the claims 1 to 33. 
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37) A method for use in dialysis of a subject, the method including, in a processing system: 

a) determining one or more impedance values for at least one body segment; 

b) for each body segment, and using the measured impedance values, determining at least one 
indicator; and, 

5 c) selectively controlling the dialysis the subject using at least one determined indicator. 
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fc ' 30.3 kHz 
2c 475.3 ' ft : 
Cm;' : • 3.17- ; nF.;, 

tt data points 256 < ; , 
# points used'- 203, , 
.8 ignored' 1 ',53 _ " 
-tt mnripA— 0- — - — 



I; Resistance chart). Reactance chart i |~Cofe"ffie1p)ot)] y, eW data ) ' M — — 1 034 

j ' -''V' •' ' •; " ' < , , Cole-Cole plot .' „' : •' ;, 













- 460, 
Reslsianc'e, 



480 ; 
R.ohms 



''Maximum frequency j 500_ i; kH z 



Minimum frequency |5_ 



kHz 



LH. 



1038 



rR ejection limit- 



Analysis defaults , 



; | ft nbner-IO^ Q% C;^ C.V4 j • r -Calculate oh scroll ' 



Fig. 6A 



1033- 



1036- 



1030. 

Export Database 1 Options' Report 



Measurement 6 of 6 ! : 30/06/200511:46:00 AH j; ; V Rst j PfevJ f"'Ne«t ] Last ) T RArm # LArm 'IC RLeg r LLeg. 



Subject: ZugZig 



RO/Ri 

0.510 

RO/Rinf, 
y- 1.510 

RO ' ' 560.7 
Rinf - , 371.4 
Ri, 110O.O 

R centte 466.1 1 
X centre »1.5 
Radius 94.7 
SEE 0.149 

fc i . , 30.3 
2c 475.3 
Cm . 3.17 

tt data points 256 
# points Used 203 
ft ignored 53 

-tt rfiifintfld-- fl— s- 

Maximum frequency j500„ 



ft • 

ft 

ft 

.ft-:' 
•ft 
ft.-, 

kHz 

ft 1 ' 



Resistance chart |; Reactance chart j-Gole^Cble p|ot View' data | ^ 



Sex ; M I'He'gH 189 0, ^cm Weight 86,5 kg 'Age 33.6 years'; 

— 1 034 ^Tt-TFT 




Frequency Impedance Phase .Resistance Reactance - Status 1 Td-corr Td-corr ' ' ( Td-catr ' * 
kHz ' ^ "Ohm's ;/ 'Degrees 1 •' Ohms : . Ohms;' " [ V ■', .'phase' . - resistance reactance M , 


,3 084, .„ 568 3 2 0, 559,0 • IS. 4 , Ignored . 20' ' .558.0 1 '< 19.4 -° 


3.147 
3.21 


558.5 
558.9 


2.0 
2.1 


55B.2_ 
558.5 


20.2 


Ignojed 
Ignored 


2.0 
2.1 


558.2 
55B'.5 


19.4 
20.2 


3.273 


558.9 


2.1 


558.5 


20.3 


Ignored 
Ignored _ 
Ignored _ _ 
Ignored 


2-1 


558.5 


20.3 I 


3.367 
3.43 

3.525 * _*j 


558.2 
558.5 ~ 
5590 


2.1 
2.2 
2.2 " 


557.8 
558.1 ~ 
557.5 


20.8 
21.3 
21.8 
22.2 


21 

22 " 
22 


557.8 
558.1 " 
557.5 


20.8 „ 
21.3 
21.8 r 


3.588 


558.1 


2.3 


557.8 


Ignored 


23 


557.6 


22.2 


3.682 _ 
3.777 


557.9 
557.8 


2.3 
2.4~ 


557.4 
557.3 


226 ... , 
23.4 


Ignored 
Ignored m m 


23 
24 


557,4 
557.3 
556.7 


226 

224„ " 
23.2 
23.8 
25.0 


3.839 


557.2 


2.4 


55G.7 


23.2 


Ignored 


2.4 


3.934 


558.0 


2.4 


557.5 


23.8 


Ignored 


24 


557.5 
557.1 


4.028 


557.6 


2.6 


557.1 


25.0 


Ignoied 


26 


4.123 


557.4 


2.G 


556.8 


253 


Ignored 


26 


556.8 


25.3 


4.217 


557.6 


2.6 


557.0 


25.6 


Ignored 


26 


557.0 


25.6 


4.312 
4.406 


557.1 


2.7 


558.4 


26.5 


Ignored 


27 


556.4 


26.5 
2677* 


556.8 


27 


558.2 


267 


Ignored 


2.7 


556.2 



s 



El 



Minimum fiequency. J5_ 



1038- 



F Rejection limit- ■ 
npneri1.0X,r- i! 



:\ ' ' Ana^sis defaults , 
P": Calculate on scroll , 



^OK 1 



Fig. 6B 
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Export Database Options Report 



Measurement 6 of 6 . 30/06/2005 11:46:00 AM Firat j Rev. |Lffs*0li La st ■ { C RArm C LArm RLeg. r LLeg , (At-Ri*kjj 



Subject: ZugZig 



Sex M Height 189.0 cm Weight 86.5 , kg 



Age 33.6 years . 



RD/Ri 
0.609 

RO/Rinf ( 
; 1.509 ,! 

RO ■ 1 5607 ,V ft , 
Rrnf 371.4 ft ' 
Ri ; 1 1100.5 ft 

R centre 466.1 ft 

X centre *i,5!'J|' ft 

Radius .94.6 XI, 

SEE. ; 0.147.! ',']< 

ic ' 30,3 4 kHz" 
Zoh ' 475.3 ft ; 
Cm ■ ■ 3.17 ';, : nF 

data poinls 256 
ft points Used 203 , 

ignored 53 
■ tt rfiiflnrpiH - — "~~ n~— — •'• 



Resistance chart S Reactance chart | Cola-Cole plot | Viaw data | "* 



--1034" 




Reactance V Frequency 




.1,000 




, Minimum frequency ) 5 ' ' kHz 



Rejection FmniV — L — •,«•'-; ■• 
(5? nonef" - 102 f* 5% C\ 2% 



' 'Analysis defaults 
r~ Calculate on scroll 



Fig. 6C 
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Export Database Options Report 



Measurement 8 ' , of 6 



30/06/200511:48:00 AM 



First' |i Prey. [[KlexQl 1 Last \ C RArm, C'LAim'' £ R Leg C'< llieg tAl-Ri*k) 



Subject: , t Zug Zig 



;;Se8 * M Height, 189:0 .cm Wer| 



RD/Ri' ,; ■' J'-,,;. 
0.509.! 

RD/Ri lit , ; ' ■ ' ■ 
1.509 i i: 

RO ' '560.7 ' „ ft 
Rinf ' 371.4 ,fl 
Bl 1100.5 t .ft ; 

,R centre 466,1 '. ft' / 

X centre -1.5; ft 

Radius, ' 94.6 . , ft 

SEE, 0.147 , ' 

fc. 30.3 ' kHz 
Zc-„ 475.3 ft 
Cm • 3.17 nF 

data points 256 ' 
; U points used 203 

ignored ' S3 
~tt tmprmri— fl~ 



Resistance chart j Reactance, chart | Co!e : Cqle plot j; Viewdata j 



Age" 33.6 "years 




Resfstance V Frequency ' 



550- 
















• /soo- 
















' 450- 
















. 400- 
















, 350 1 
















|'300"- 
















5"2S0' 
200. 










" "j"" " ;'*|v 






',' 450- 










: 'j;- '■! _ : j! ; 


;, j ! \ 




• 1Qu ." 
















50- 




!' S j 












0 






t ■> ■ r ,i.-.'.t. 


■1 r-y 


V'i; ' ■ i'V ■ 







.500 
kHz 



i.oop 



Maximum frequency |50D_ ^kHz 



Minimum ffequency 15 




Fig. 6D 
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System fcjeasurements M&ksrs Analysis &int Help 
, Current U»oi T«tuser 

SUBJECT DETAILS IQgjjgsO : : j " 



F«ln 



Family name' [ 



Address (Normal pDpulalrbn sample 



Comments 
'Baseline start 



E Baseline start— ~ - I p Baseline end" ~— • — ~ - 
J_V0.1/2000^jd Set |j [J 1/01/2000 Vj;: ;? Set | 



, D ate of birth ( 4/08/2005 3 ' P* 0 number' J 

Sex f ' "3. Height j 

'j At-risk limbs . T R Arm , C L Aim r H. Leo 
Pom. Arm Dgraleg .* ■ !. " 

31 3: 



PL Leg 



1041. 
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System Measurements Makers .Analysis p/lnt Help 

; Current User Test user .. ;.'••<•:. t *•'''•„'' 



SUBJECT DETAILS 



Search 



First names |ioe 

Address jimpedimed offices 



Family name (smith 



L Date of birth 1 17/08/1 971 

k'j) '•• ,','Sex [Male 



Comments ,j 
Baseline starts 



: At-risk limbs 



- - ■ . . , Baseline end" , ; j . v. 

5/05/2005 jrj. J ' Set | j 9/05/2005 L Ser [ t^^1.U43 ; 



r R. Arm 
Dom. Arm 

|Left [Right ^ 



j3'. Fite number !/ |Q301 : 

]3 ! ' ,f " ";Heigrit. 1 189.0 ' , cm' ,; 

r LArm J? R,Leg "17, L Leg ■ 
DohnLeg ' 

' /Cancel,' 



RESULTS 





Date and time', 


Age 


Weight », >•,■ 


Pi arm ratio- 


At risk 


RARzero 


RARinf . ' ■ 


L arm ratio 


At risk 


LA Rzero 


LARinf , 


Rle 


b 




1 0/05/2005 1 0:27:46 AM 


33.7 


26.4 


0.56 


Y 


560.664 


359.646 


0.14 


N 


560.181 


489.756) 




1 0/05/2005 1 0:32:00 AM 


33.7 


26.4 


0.56 


Y 


560.371 


359.551 


0.56 


N 


560.39 


359.51 






10/05/2005 10:32:52 AM 


33.7 


26.4 


0.56 


Y 


560.3 


359.571 


0.56 


N 


560.357 


359.483 






11/05/2005 2:25:19 PM 


33.7 


26.2 


0.56 


Y 


560.949 


359.762 


0.56 


N 


560.849 


359.739 






11/05/2005 2:26:43 PM 


33.7 


26.3 


0.56 


Y 


560.588 


359.705 


0.56 


N 


560.607 


359.685 






25/05/2005 2:44:46 PM 


33.6 


34.0 


0.56 


Y 


559.676 


358.389 


0.56 


N 


559.633 


r 358.366 






25/05/2005 2:59:43 PM 


33.8 


34.0 


0.56 


Y 


559^97 


358.234 


0.56 


N 


559.497 


358.237 






25/05/2005 3:05:29 PM 


33.8 


34.0 


0.56 


Y 


559.343 


358.294 


0.59 


N 


560.702 


352.777 






25/07/2005 1:02:17 PM 
25/07/20052:08:01 PM 
25/07/2005 2:55:19 PM 


33.9 
" ^339 
" 33.9 


23.0 

,23.0 
" 23.0 


0.50 
0.50 
0.50 


N 

w 

N 


604.161 
604.033 
' 604.086 


404.046 
"403.938 
.... 19? .849 


0.50 
„ "o.5Q 


Y 

y 
y 


- J55- 176 

"~ 604.1 0V 
604.121 


403.949 
403.952 
403.904 








25/07/2005 3:06:32 PM 
27/Q7/200~5 9:25:39 AM 


33.9 
. 33.9 




" 0.50 
0.56 
















23.0 
' "28.0 


N~~ 
N 


604.119 
' 559.495 


403.812 
359.251 


0.50 

I.". 058 


Y 
Y 


604.215 
' 559.566 
559.58" 


_403.807 
359.126 
" "*359.126 








27/07/2005 9:38:50AM 


"33.9 


28.0 


0.56 




559.702 


1 359.119 


I."." .6.56 


Y 








27/07/20051:45:25 PM 


33.9 


28.0 


0.56 


N 


J559.781 


"35a 068 


0.56 


Y I 559.714 


359.10?! 






27/07/2005 2:14:26 PM " 


"Hi 


28.0 


0.56 


N 


"559.533 


359.084 


0.56 


Y f 


559.459 


359.121 ; 




► 


28/07/2005 12:28:20 PM, • 


, 33.9, 


V V 28.4 


' '0.56 H y I s 


:,r 659:53^ 




r \" • 0.56 y" ~ 


y 559.718 


7"' ' 359.02': . 1,1 




7 


ra 






















m 





Fig. 7B 
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£hart settings System settings Ef Int 



Subject: joe smith 



Sex M Height 189.0 cm Weight 28.4 kg Age 34.0 years J ^ 1051 



1054 
1053A- 



0.95 
0.9 
0.65 
0.8 
0.75 
g 0.7 
■S 0.6S 

1 06 
. 0.55 

§ 03 
&Q.45 
% OA 
j^O.35 

1 



0.1 

O.Qj 
0 



; 










1 ! 

! ! 

r 1 
\ 


; 
1 
1 

i 

j 








. j | 

■ ! 






' Ml 

I i 








! L 


pt 




Ji 105 1 ! 






- ; i 








. l ; .... 




> 


















r| : 


\ 










.ff. 1 ... 1 

! i 










f 


i • i 


M \ \ 

\ \ X I 


















: > 1 
• ....... '« ! - i 





0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 

Right Leg ratio (ROM). Limb at risk 



-Stuck' limb" — ' * — t-p - r v v^ - v-j ^ — v-v*r* 1 , '*«; ^Reference limb^'— rr" "■ — — 

£ RMn raArm'C BLeg.t> LLeg r B^'vjjv \jT > R Arm, r L_Arm_^' R Leg C .L Leg jT 



Body 



parameter to display: |;Lymphpgram - : ; „„....^,...U;^ZJ . • ' i ' rneference dat a -— 'i " "- ' "r-" " — 

■e^"? "fe. WW 'fe-W L Les" ! Jfr i Whole body \ '; i: fo^'^ 

-7.7. -7 7 W-7-~— ~,^r4;r -'—-..— •■----I..-. — -■ 77=;- - ■ -■- r c - 



1053B 




Fig. 7C 
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1053A- 



Chart settings S_y stem settings Pjrlrjfc 



ipso 



Subject: ; ioe£mith 



'Sen M Height 189.0 cm Weight 28.4 kg Age 34.0 years 




-QJOS 0 0.05 0.1 0.15 0.2 025 0.3 035 OA 0.45 05 0.55 0.6 
Lett Arm ratio (RO^RI). 



0.65 0.7 0.75 




, 17-BAhiv I^LAri'l^iBleg ' I? tteg I^Wholabody ! t ? Hom " ' C 1 Personal C Pop ulation 



1051 



1053B 



Fig. 7D 
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1051 



1 057 
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Fig. 7E 
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I Chart settings System settings P/int . 



Subject: . joe smith . 



0.6 
0.55 
0.5 
0.45 
^0.4 

M 

.§0.35 

1 0.3- 

^.25- 

0.2- 

0.15- 

0.1- 

0.05^ 

0 lj 
5/05/2005 
12:57:34 PM 



25/05/2005 
2:44:46 PM 



Sex M Height 189.0 cm Weight 28.4 kg Age ,.' 34.0 ■ jreaw?^- 




Parameter to display: | Ratio RQVRi by limb 



3J: 



r Reference data" " 



IB B Arm . I Am" Mn l RTegj <> |?( LLeg ' |T; Whole body/ |j g None '' r Personal. , C Population, 
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Fig. 7F 



1052 



25/07/2005 
1:02:17 PM 



. : y_ s/ ok 



-1051 
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Chart settings System settings Erfot \^ 






Subject: joe smith 


Sex M Height 189.0 cm Weight 28.4 


kg Age 34.0 years • 



574 
572 
S70 
568 
^566 
f.564 
§562 
•S 560 
§558 
3 558 
I 554 
552 
550 
548 
546 
544 
542 
540 



- 1 

- 1 
• 1 

- ; 
•1 


A 059 ! 










; . , ■ ! 


- - - - " • ' 1 

I 

! 

[ 



12:57:34 PM 



2:44:46 PM 



25/07/2005 
1:02:17 PM 



Parameter to display: J Resistance at zero (ohms) 33 ■ ' ; 



JIT; JRT. ESnrj / j R Leg[ . ; n^Leg h~: Whole body, 



-Reference data*—- 



^' None •; 49*', personal ■', r Population >, ■""■''^ OK [ ' 



■1051 



1053B 
1050. 



y 



Fig. 7G 
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£ha»t settings System settings , Erlnt 



Subject: joe smith 



, Sex - M Height 



( cm,' Weight 2a4 '." kg 



Age 34.0' years 



750 
700 



600 
| 550 

| 500 

15 

| 450 
| 400 



300 
250 
200 



-j ([ast baseline I 



I onset of conditio!- ? , 21 



5/05/2005 
12:57:34 PM 



25/05/2005 
2:44:46 PM 



1051 



25/07/2005 
1:02:17 PM 



Parameter to display: ; | Resistance at zero (ohms) T] V 
■C R Arm |j7 L Arm |T R Leg T; L Leg - ^' p Whole body 



[""Reference da 

| None P Personal T Population 
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Fig. 7H 
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1017A- 



1017C 

1019 
1018 — 



1010. 



15/16 
1012 



Subject: joe smith / Dominant limbs 

Height jl89.0 cm Sex [Male T~J' Age/|34.5 ; ..years Aim |r Njjj ■ Leg | R jrj 



Weight 86.5 



■ kg Comment |1st measurement for joe following surgery 

-— 1017B 



Right Arm 



r At risk 
Ratio RO/Ri 

0^495 

Cole p|6t... 



Right Leg 



Jy^At nsk 
Ratio RO/Ri: 

0.496' 

Cole plot... ' 




SFB7 status: 

Connected to 192.168.11.110 



Left Arm 



Pi At risk 
Ratio RO/Ri 

>0.495 

\ Cole plot... , 



Left Leg 



W\ At risk '$ 
Ratio RO/Ri 

0.497 

; ; Cole plot,.,. 



Files cleared 

Weight confirmed 

Right Arm measurement done 

Right Leg measurement done 

Left Arm measurement done 

Left Leg measurement done 



. Whole body Ratio RO/Ri 



Colo-piDt. | 



1017 

D II 



Measure 



Fig. 8 



-i -•--•.) i.- . : ; : - „ . . n „ • : < ;■„,„;; :<„; r ,, - 1 . ! ■ ... 

WHOLE BODY- Connect the leads as shown then startthe measurement on the SFB7 


i|- Start again ' ' ; • j !!§ S|>.'e;-'measuf.e:rT|ept- 





1011 



-1020 



-1023 



1060 



riiresr 



1061 



1062. 



1066 



5FB7 connection 



It 3 address |l92 Jl68 


K 


~; |101 


Port |3333 , 






Status; 'Idle'/ 1 *'' j .'' 






; Timeouts..; 'vyt' 






[■'} Waiting for measurement 


(600* 




. Data upload stalls , 


W 


±j * e f 


Data paths ;u 







Analysis defaults ■ 



E sport directory 



. Browse ' 



,P; Include Subject ID in exported data; 
,SFB7 data dump iv._. " I 



R e P ptt settings 



>s * <Jp Print extended tabular report, 
Units , • : 



<*"' kg, cm 



'C lb, inches 



, Low limit frequency " '. : :fu r rj 
High limit frequency' /"',* 



kHz . 



|50D.O ; kHzl'i 



Iv* ' Use, automatic Td 



Td value j Of) 
Reference ranges 



Population reference ran ge ' : 

Ratio upper limit.' - ' ' jS® % 
Ratio lower limit • ) 0.250 

Personal baseline ' '> 

Show mean +A |2J0 !; stddevs 



Define vector plot reference ellipses ; | > 
Apply | ( Save settings | ! Close 



Fig. 10 



Database 



"Database type"- ; — 

;{• ; Local file-based database 
O ! i nterbase server , , ' ' ' , . .> 



(nterbase login ; ,'■•>. ; t ./ ' 

Leave blank to Use the default login : 

, ,■ j 

'Password - "j 

■ Close down and restart application . 
• for database changes to take effect 



.1065: 



WO 2007/041783 



PCT/AU2006/001491 



16/16 





Fig. 9 



INTERNATIONAL SEARCH REPORT 



International application No, 
PCT/AU2006/001491 



A. CLASSIFICATION OF SUBJECT MATTER 

Lit. CI. 
A61B 5/053 (2006.01) 

According to International Patent Classification (IPC) or to both national classification and IPC 
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